
FINAL REPORT 

Covering Period: March 1st 1998 - August 3 1st 2003 

Submitted to the U.S. Agency for International Development; Bureau for Global Programs, 

Field Support and Research; Center for Economic Growth 

Tolerance and Resistance in Wheat to Septorir Tritici Blotch and Spot Blotch 

Principal Investigators: Yehoshua Anikster, Amrarn Eshel 

Grantee Institution: Department of Plant Sciences, Tel Aviv University, Tel Avir-, Israel 

Collaborators: Ram C. Sharma, Sundar M. Shrestha 

Institution: Institute of Agriculture & Animal Science, Rarnpur, Chihvan, Xepal 

Project Number: C 17-005 

Grant Number: TA-MOU-97-C 17-005 

Grant Project Officer: William H. Crane 

Project Duration: March 1st 1998 - August 31st 2003 



& 
Executive summary ................................................ 2 

Research objectives .................................................. 3 

Methods and Results 

A . Israel ...................................................... 5 

........................................................... B . Nepal 16 

Impact relevance and technology transfer ................ 18 

Project activities/outputs .......................................... 19 

.................................................. Project productivity 21 

Future work .............................................................. 22 

Literature cited .......................................................... 23 

Appendix 1 ............................................................... 25 

Appendix 2 ............................................................... 33 

............................................................... Appendix 3 37 

Appendix 4 ............................................................... 39 

Appendix 5 ............................................................... 42 

Appendix 6 ............................................................... 46 

Appendix 7 ............................................................... 52 

............................................................... Appendix 8 54 



There are many biotic and abiotic constraints to successful wheat production. This project was 

concerned with pathogens that cause severe yield losses in certain parts of the \vorid. The 

main quest of the project was the attempt to combine two protection strategies, namely 

disease tolerance and disease resistance in the same line. The tasks were divided in to three 

complementing parts - identifying sources for disease tolerance and resistance, determining 

the mode of inheritance of these traits, and initiating a breeding program for developing neb\ 

lines carrying the desired traits. While definition of disease resistance is relatively straight 

forward, that of disease tolerance is rather ambiguous. Disease tolerance is defined as the 

ability of a susceptible crop to maintain high yield even when attacked by the pathogen. 

Testing for tolerance involves the comparison of yield losses by susceptible tolerant and non- 

tolerant lines under similar disease severity. It has been found during this project thar 

tolerance varies with disease severity. A line that was tolerant under mild epidemics broke 

under severe epidemic and its tolerance was lost. On the other hand, when environmental 

conditions limited spreading of the disease the yield losses of the non-tolerant lines \\.ere too 

small to compare with. Resistant lines cannot be tested for tolerance since this trait can only 

be shown in comparison with non-tolerant lines suffering a significant yield loss. 

Selecting for disease tolerance cannot be done like selection for resistance traits. By its 

definition, tolerance is a trait of the line as a whole and cannot be evaluated at the indikqdual 

plant level. The genetic variability of breeding products limits to a great extent the selection 

capabilities. We therefore tried to identify a proximate trait that could be used as a selection 

marker for tolerant individuals. On the basis of previous knowledge we assumed that 

tolerance will be correlated with performance of the photosynthetic apparatus of the 

individual plants. The plan was to establish a physiological test of the indibidual plant that 

could be performed in the field, which will be correlated with its level of tolerance. 

The part of the project that has been carried out in Israel focused upon the pathogen Seproria 

tn'tici, which causes Septoria tritici blotch (STB). During the previous decade this pathogen 

emerged as a serious factor in wheat production in this region. Two commercial cultivars 

(Miriam and Nirit) were used as possible sources for STB tolerance in this program. A 

susceptible cultivar (Barkai) was used as a complementary susceptible line. The degree of 

tolerance and resistance of these parent lines, as well as that of their progenies was tested in 

the field. The various groups of lines tested showed variable degree of tolerance and 

resistance in different years of the project. The physiological tests we performed did not 



correlate well with the degree of tolerance in all cases. Among the products of our breeding 

program there are a number of promising lines that can serve as the basis for future 

development along these lines. 

Among biotic stresses diseases are the most important in the warm areas of South Asia 

including the lowlands of Nepal, where this project was carried out. In the past 20 years, 

foliar blights have been recognized as the major disease constraint to wheat cultivation in the 

warmer eastern plains of South Asia. In many parts of South Asia, as is the case in the Sepal 

lowlands foliar blights occur as a complex of spot blotch and tan spot and is called 

Helminthosporiurn leaf blight (HLB). Earlier studies have reported that wheat genotypes 

adapted to the region possessed only low levels of resistance to HLB, hence subject to on 

average 20% wheat yield reduction on the regional basis. However, genotypes exotic to South 

Asia had been reported to possess high level of resistance to foliar blights in the other part of 

the world. This project was initiated to identify and incorporate resistance and tolerance to 

HLB in the local susceptible commercial cultivars of wheat, understand the mechanism of 

disease induced grain yield losses at different levels in the cultivars, and combine genetic 

resistance and tolerance to HLB in the locally adapted wheat genotypes. 

The goal of this project was to fill a gap in protection of wheat against HLB in Kepal and 

STB in Israel, where these leaf pathogens may cause loss of 2O-30% in yield (4, 13). 

Commercial wheat varieties grown in Nepal do not posses HLB resistance. Search for local 

resistance sources was vital. In Israel, Septoria tritici blotch is widespread. Variability in 

pathogen virulence and in RFLP markers was found to be very large compared to other wheat 

growing countries (5, 7). In this situation specific resistance of known sources may break 

down (2). As planned, the project's aim was to build a defense system in which specific 

resistance is backed-up by disease tolerance in order to achieve a stable lasting protection. 

The advantages of tolerance over resistance were discussed by several researchers (8, 11, 14, 

16, 18). Although tolerance to fungal diseases, including STB has been found in other studies 

(1,9, 6, 12, 15, 17), so far disease tolerance has not been incorporated as a breeding strategy 

due to lack of tools for tolerance estimation or tools for selection of tolerance, as well as lack 

of understanding the inheritance of this trait (3, 10). Another reason was the lack of 



understanding of the physiologic mechanism that enables compensation for loss of green leaf 

tissue, caused by disease stress (19). 

During the research period we found out that tolerance study is very complicated on its own. 

thus we decided to concentrate on developing tools for tolerance measuring and in breeding 

for tolerance, disregarding specific resistance. 

The innovative aspects of the project were: 

1. Parameters for STB tolerance were developed. 

2. Crosses were performed to transfer tolerance from tolerant varieties into commercial non- 

tolerant cultivars. 

The "Hazera" Seed Company provided all facilities for the field experiments during the four 

years. 



A. Israel 

1. Breeding 

One aim of this part of the project was to study the heritability of tolerance to STB (Septoria 

tritici blotch) using breeding techniques. Shafir (SON64iTZPPi/liAI60i3 'FA, Hazera Seed 

Co., Israel) was a common commercial cultivar. It was found to be highly susceptible to STB 

in agricultural fields as well as in previous studies and it showed high yield loss under severe 

epidemics. In this study we intended to increase the tolerance of this cultivar to STB by 

crossing with two tolerant sources: Miriam and Nirit. The susceptible cultivar Mirian 

(Capingo 53// NIO/Bvr/3Nq54/2 Merav, Volcani Center, Israel) exhibited tolerance to STB 

in previous studies (19, 20, 21). The yield of this cultivar did not change significantly under 

STB epidemics and other stresses. Nirit (Fz CIMMYT//Bet Hashita'Degenit, Weimann 

Institute, Israel), another STB susceptible, is characterized by a short grain filling period and 

high kernel weight under disease stress. 

During the study period (1999-2003), we crossed these three cultivars, and produced the 

following three families: Shafir x Miriam, Shafir x Nirit and Miriam x Kirit. The crosses 

between Miriam and Nirit were made in order to produce an enhanced source of tolerance, by 

combining tolerance factors or genes. For each family, two reciprocal F1 crosses were 

prepared in order to study mother effect. In order to enhance tolerance, we prepared 

backcrosses with the tolerant parent (e.g. Miriam/Shafir/lMiriam) or by using tolerant 

cytoplasm (e.g. MiriadlShafirlMiriam). All crosses were prepared in the Institute for Cereal 

Crops Improvement, Tel-Aviv University. 

For investigation of tolerance under STB epidemic, the progenies and their parents \\.ere 

tested in field experiments. Table 1 presents all the crosses and progenies of individual 

selections that were tested in the field experiments during 2001, 2002 and 2003. A list of F1 

and BC seeds available for this study is presented in Table 2. Seed of all crosses and 

experiment-line progeny are kept at the hstihlte for Cereal Crops Improvement, Tel-Axiv 

University. 



Table 1. Crosses and selections that were made in this project and harvest years in which they 
were tested for tolerance. 

Sel 01, 02 - Selection of a BC from harvest year 2001 or 2002, respectively (first generation 
selection). 

Sel02-01 - Selection of a selection from nursery 2002 (second generation selection). 

Family 
SHAFIR X bfIRIAh1 

- 

Cross 
F1: 
ShafuMriam 
MiriadShafir 

BC: 
Miriam// MiridShafir 
Miriam// MiridShafir sel01 
Miriam// MiriamIShafu sel02-01 
Miriam// MiridShafir sel02 

Hanest year 
2001 

+ 
+ 

+ + +  
+ 

+ 
+ 

2002 

+ 
+ 

2003 



Table 1. Continued 

NiritlMiriarn //Miriam sel02-0 1 
NiritlMiriam //Miriam sel 0 I 
NiritlMiriam //Miriam sel02 

-- - 

M i r i d k i t  //Miriam sel02 + 

M~riam// M i r i d i r i t  + + 
I Miriam// M i r i d i r i t  sel02 + 



Table 2. Crosses and amount of seeds prepared in this study during 1999-2002. 

Cross 
Shafu 1 Miriam 
Miriam / Shafir 
Shafir I Nirit 
Nirit 1 Shafu 
Miriam / Nirit 
Nirit / Miriam 
Shafir N Shafir 1 Miriam 
Miriam N Shafir I Miriam 
Shafu 1 Miriam // Shafir 
Shafir / Miriam N Miriam 
Shafir /I Miriam / Shafir 
Miriam / I  Miriam / Shafir 
Miriam 1 Shafir N Shafir 
Miriam / Shafu N Miriam 
Nirit I/ Shafir / Nirit 
Shafir / Nirit /I Shafir 
Shafir / Nirit / I  Nirit 
Nirit N Nirit l Shafir 
Nirit / Shafu 11 Shafu 
Nirit / Shafir N Nirit 
Miriam I/  Miriam / Nirit 
Nirit // Miriam I Nirit 
Miriam / Nit /I Miriam 
Miriam / Nirit /I Nirit 
Miriam /I Nirit 1 Miriam 
Nirit /I Nirit / Miriam 
Nirit / Miriam / I  Miriam 
Nirit / Miriam N Nirit 

No. a 
prepared 

65 1 
267 
474 
158 
191 
199 
79 

258 
11 

43 3 
105 
382 
24 

703 
156 
18 

535 
263 

57 
327 
328 

86 
I82 
294 
27 1 
252 
699 
294 

eeds 
reserved 

400 
21 

227 
24 
57 
0 

79 
104 

11 
433 
105 
102 
13 

423 
129 

0 
375 
2 H  

57 
223 
168 
86 
21 

134 
3 
0 

419 
16 

2. Summary of field experiments 

Field experiments were carried out annually 2000-2003 in order to evaluate the level of 

tolerance according to yield losses and physiological response of the parents and crosses to 

STB epidemic. In 2001 and 2002 we analyzed F l  crosses and BC of the three families: Shafir 

x Miriam, Shafir x Nirit and Miriam x Nirit. In addition, we tested several cultivars from 

Nepal which were supplied to us by the cooperating investigator Dr. Ram C. Sbarma. These 

Nepalese lines were found to be either susceptible or tolerant to HLB in Kepal. In 1002 and 

2003 first and second generation selections from backcross lines studied in previous years 

were included in the experiments. For experimental details see annual reports. 



Due to differences in the weather among the three harvest years there were differences in 

epidemic severity and yield losses. Even though we used supplemental inigation during dry 

periods, temperature and relative humidity patterns differed markedly and so did pathogen 

development. 

a. STB e~idemic 

Average AUDPC of STB for the three parents Shafir, Miriam and Kirit was significantly 

higher in 2003 than in previous years (Table 3). In 2001, average AUDPC of Shafir was 

higher than Miriam and Xirit. In 2002 all three parents were equally susceptible, and in 2003 

the average AUDPC of Shafir and Nirit was higher than Miriam. In summar)., among the 

three parents, Shafir was the most susceptible and Miriam was slightly less susceptible to 

STB. 

Table 3. Area under disease progress curve after 109 days post inoculation of the three 
parents Shafir, Nirit and Miriam in three harvest years of field experiments. 

( ~ u l t i v a r  1 2001 1 2002 1 2003 I AvgJ Cultivar 1 

1 MIRIAM 
I I I 

1 3201.2 b 1 1 3357.5 a 1 
I 

1 3456.9 b 1 13338 c 1 

b. Yield loss 

Yield losses due to STB epidemic in 2001 were small in all three parents (Table 4) and in the 

crosses between them (data given in annual report) comparing with the following years. Yield 

losses of Miriam and Nirit were not significant in 2001. In 2002 and 2003, all the parents and 

almost all the crosses showed significant yield losses. Losses in 2003 were much higher than 

in previous years. Despite year differences, the yield losses of Miriam and Kirit were smaller 

than Shafir in both years. In 2001, the average yield losses of the Shafir x Kint family were 

smaller than the other two families. In 2002 the averages were similar, although slightly 

smaller values of the Miriam x Kirit family. In 2003 all three families had similar averages of 

yield losses. 

I I I I 

Avg. Near 3488 b+ ( 3433 6- 1 3952 a+ 

' Cultivar means within columns (mow downwards) or year means within row (arrow to the 
right) followed by the same letter do not differ significantly (Pc0.05) as determ~ned by 
Tukey's aposteriori test. 



These data suggest that tolerance is difficult to detect in years of high epidemic. In field 

experiments, tolerance can be determined only relatively to a known non-tolerant cultivar. 

Table 4. Percent yield losses of the three parents and family averages in the three hmest  
years of field experiments. Yield losses are expressed as harvest index (HI) and thousand 
kernel weight (TKW) of single tillers, and thousand kernel weight of a bulk of seed hmest  
(TKW5O). 

*/ " - Significanthot significant loss in comparison with the protected plot, according to 
Student's t-test (P<0.05). 

c. Tolerance of parents. crosses and selections 

Among the three parents, Shafir as the susceptible - non tolerant cultivar had the highest )ield 

losses in all three years, as expected. Miriam and h'irit did not have significant yield losses in 

2001. In 2002 and 2003 their yield losses were smaller than that of Shafir, and smaller 

comparing to the average yield loss of their crosses with Shafir (Table 4), and thus, seem to 

behave as tolerant to STB. 

Evaluation of tolerance was made for each cross and its selections based on the three harves: 

years of field experiments. In 2001, crosses that showed no significant $eld loss were 

considered as tolerant. In 2002 and 2003, since most of the losses were significant, crosses 

with yield loss that was smaller than the average for the family were considered as tolerant. 

First-generation selections are plants that were selected &om back-crosses for having high 

AUDPC and high yield comparing to the other plants !?om the same cross. These selections 

were made in the 2001 and 2002 nurseries, and their tolerance was evaluated again in 2002 

and 2003 nurseries, respectively. Second-generation selections were selected in the same way 

fiom the first-generation, and were evaluated again in the 2003 nursery. 



Table 5 summarizes the response of each cross and its selections throughout the three hanest 

years of field experiments, 200 1-2003. 

F1 crosses between Shafir and Miriam showed tolerance in both ways (Shafir'hliriarn and 

MiridShafir) in the two test years. Among the back-crosses in this family, onll- selections of 

MiridShafirIMiriam were tolerant in the first and second generation. 

The F1 cross ShafirNirit was tolerant in the two test years, but its reciprocal cross 

NiritIShafu, was not tolerant. The backcross NiritIShafirNh'irit and its first generatior, 

selection were tolerant, but the second generation selection was only moderately tolerant. 

The F1 cross Nirit/Miriam was tolerant in 2001, but the reciprocal cross MiriamXint a.as no: 

tolerant in 2002. The most tolerant among the backcrosses of this family was 

Nirit/Miriam//irit, which was tolerant in 2001 (although not in 2002 and 2003), as well as its 

fust and second generation selections. 

In summary, some F1 and BC descendants were not tolerant, even in the family kfiriam a 

Nirit. Selections of relatively tolerant plants did not necessarily maintain their tolerance in the 

first and the second generations. 

Selections that exhibited relative tolerance were: 

BC: NirJSWNir - Selection #80 from 2001 was tolerant and second generation selection 

#312 from 2002 was moderately tolerant. 

BC: NirMirlMir - Selection #I05 from 2001 was tolerant and second generation selections 

#321 and #323 &om 2002 were moderately tolerant. 



Table 5. Evaluation of tolerance of crosses and selections grown in field experiments during 
2001,2002 and 2003 at Mivhor Farm, Israel. 

Each table presents crosses from the same family ("Cross"), their response at the field 
experiments ("General response"), the response of the first generation selection from 200 1 or 
2002 ("I" gen. selection") and the response of the second generation selection ("2""en. 
selection"). 

Abbreviations: 
Cultivars: Shf = Shafir; Mir = Miriam; Nir = Nirit 
Type of response: T = tolerant; M = moderately tolerant; NT = not tolerant 
Nursery harvest years: '01, '02, '03 = 2001, 2002 and 2003 respectively 
Number of selected plants is in brackets 

A. SHAFIR X MIRIAM 

Cross 
F 1 : MirIShf, SWMir 
BC: Mid/ MirIShf 

I ,02- NT (2) 

B. SHAFIR X NIRIT 

I" gen. selection 

'01- M (1) 

General response 
T in '0 1 and '02 
NT ~n '0 1 -'03 

I 

( NT in '03 

NT in '02 

BC: ShVNu //Nir M in '02, '02- NT (2) 

2'd gen. selection i 
I 

ST (2) I 

I BC: M i d  SWMir I M in 02. 1 '02- NT (2) I . . 

1 lant M (2) t"--i 

BC: MirIShf //Mir / NT in'O1-'03 1 '01- M (1) 1 T(1) i 

M in 03 '02- NT (2) I 
BC: NidMir //Mu NT in '0 1 -'03 '01- NT (1) AT (3) 

'02- 2 plants M (3) 
BC: Nirll NiriMir NT in '0 1 -'03 

Cross 
F1: Mir/Nu 
F1: Nir/Mir 
BC: Mid/ Nir/Mir 

. . 
NT in '02-'03 1 *02- ?Ti (2) 

I 

BC: Mir/Nir / N i t  T in '02-03 #02- hT (2) 
BC: Mir/Nir IMir NT in '02-03 '02- hT (2) 

! BC: Mu// MirlNir NT in '02-03 '02- NT (1) 

General response 
NT in '02 
Tin'Ol 
NT in '0 1 and '02, 

1" gen. selection 

'01- T (1) 

znd gen. selection [ 

Xl- (1) 



d. Photosvnthesis 

Another of the aims of this project was to study the photosynthetic capabilities of infected and 

non-infected plants of susceptible cultivars in order to identify possible mechanism of STB 

tolerance, and to establish a method for identifying tolerant individuals. The nature of the 

disease is that islands of green tissue remain active among the damaged parts of the tissue. 

The underlying assumption is that up-regulation of photosynthesis in these parts of the leaves 

compensate for the loss of green area due to necrosis and pycnidial coverage. We have 

therefore measured photosynthetic rates of leaves of infected and non-infected plants grown 

in the field and in the net house. 

A synopsis of the data collected for 42 breeding lines is presented in Figure 1. The tested lines 

included the parents - Miriam, Nirit, and Shafir - Fl's and selected backcrosses. For every 

line ratios of photosynthesis performance of the infected over the protected lines was 

calculated for two types of data, rate of photosynthesis calculated per unit chlorophyll and the 

rate of photosynthesis calculated per unit green leaf area. Ratios above the unit line indicate 

enhancement while those below the line indicate inhibition. It can be seen that in more cases 

enhancement of the rate of photosynthesis per unit chlorophyll was observed than for the rates 

calculated per unit green leaf area. The data were ploned against AUDPC values determined 

for these lines. Weak, though non-significant correlations can be observed. Similar attempts 

to find correlations between these parameters of photosynthetic performance and yield losses 

did not indicate any significant values. 

It can be concluded that indeed enhancement of the rate of photosynthesis per unit chlorophyll 

content is a possible mechanism for STB tolerance. The negative correlations may indicate 

that this mechanism may he of value at low epidemics, but not under severe ones. However, 

other parameters may affect the photosynthetic performance and therefore the correlations 

between photosynthetic performance and yield losses are too weak to be of value for 

identification of tolerant individual plants. 



0.0 

2500 3500 4500 AUDPC 

Figure 1. Ratio of photosynthetic rates (Calculated per unit chlorophyll - closed diamonds. 
dashed line or calculated per unit leaf area - open squares, solid line) of infecred over 
protected wheat plants of 42 breeding lines (Parents, Fl's and Selected backcrosses) plotted 
against AUDPC. 

e. The response of cultivars from N e ~ a l  to STB in Israel 

Susceptibility and tolerance to STB of the Nepalese cultivars: W262, Kepal 297, RR2l and 

HD2329 were evaluated in the field experiments of 2001 and 2002. All the cultivars were 

moderate to highly susceptible to STB isolate ISR8036 (Table 6). The most susceptible 

cultivars were: UP 262 and RR21. RR21 was tolerant to STB according to the two lield 

parameters HI and TKW. Yield loss of this cultivar did not reduce significantly in 2001, and 

in 2002 the yield loss was similar to that of the tolerant Israeli cultivars Miriam and h-kit. 

Nepal 297 was tolerant in 2002 and partly tolerant in 2001. W 262 was tolerant in 2001 but 

not in 2002 and HD2329 was the least tolerant. 

UP262 and Nepal 297 were resistant and HD2329 and RR21 were susceptible to natural 

epidemic of yellow rust in 2001 (data presented in the annual report). 

H991 ("Hazera Seed Co.", Israel) is a local susceptible cultivar, that showed relatively small 

yield losses under natural epidemics in variety trials in Israel. This cultivar was incorporated 

in the 2001 and 2002 field experiments. In both years, the AUDPC of this cultivar was the 

lowest among all the cultivars, fiom Israel and from Kepal (Table 6). Therefore. the small 



losses in harvest index and thousand kernel weight which this cultivar showed in these years 

were probably a result of its relative resistance to the S. tritici isolate that was applied in out 

experiments. 

Table 6. Reaction to STB and yield parameters of four h'epalese cultivars comparing uith the 
Israeli cultivars: Shafir, as not-tolerant, Miriam and Nirit as tolerant and HYY 1 as moderately 
susceptible. Field experiments at Mivhor Farm, Israel 

A. Season 2001 

Nepal r 
Cross/Cultivar 
SHAFIR 
MIRIAM 
NIRIT 
H 991 
UP 262 

B. Season 2002 

NEPAL 297 
HD 2329 
RR21 

Origin I Cultivar ~ U D P C  I HI % loss tl-lO\' % loss 1 
Israel I SHAFIR 1 3670' ab I 1.04 27.0' 145.8 27.8' 

[STB reaction 
;AmPC) 

2280' a 
1673 bc 
1819 b 
1401 c 
2612 a 

Nepal 297 
HD 2329 

1849 b 
1761 bc 
2263 a 

HI' 
protected % loss 

0.81 30.6' 
0.77 14.3 
0.80 4.4 
0.72 13.7 
0.6 1 -6.9 

Harvest index and thousand kernel weight of the protected plants and percent lield loss 
of the inoculated plants, respectively. 

T K W ~  
protected % loss 

31.58 26.8' 
35.87 6.6 
36.91 2.5 
36.74 -1.0 
38.07 1.8 

0.59 40.1' 
0.78 32.6' 
0.51 -27.0 

3357 abc 
3273 abc 
I856 d 
3831 a 
3087 c 
3024 c 
3213 bc 

' Cultivar means within columns (arrow downwards) or year means within row (arrow to 
the right) followed by the same letter do not differ significantly (F'<0.05) as determined 
by Tukey's aposteriori test. 

31.89 14.8 
39.12 78.9' 
33.59 -30.1' 

a,b,c Different letters indicate significant difference by Tukeyds aposteriori test (P<O.OS). 

1.01 18.5' 
1.10 16.9' 
0.92 11.0 
0.91 19.1' 
0.94 7.9' 
1.05 25.6' 
0.99 17.8' 

* Significant yield loss by Student's t-Test (F'<0.05). 

50.0 20.8' 1 
45.1 17.2' 1 

54.0 8.9 i 
! 

56.1 25.9. i ; 

56.4 8.7' I 
48.3 

i 14.1 j 
58.5 14.2' i 



B. Nepal 

Methods and results are included here briefly. Detailed presentation is included in 

Appendixes 1-8. 

Methods 

All wheat genotypes reported in the regional literatures being used as a source of HLB 

resistance were tested for their level of resistance in two seasons each in a farmer's field and 

at a research station. To precisely assess the loss due to disease, half of each plot tvas 

protected by multiple sprays of a fungicide while other half was exposed to natural inoculum 

pressure of the pathogens. Disease and agronomic characters as well as grain yield losses due 

to disease were investigated. Disease resistant exotic wheat genotypes and susceptible 

commercial cultivars were crossed to produce hybrid progenies, which were further srudied to 

determine the genetic control of resistance to HLB. Several crosses were studied by using a 

novel selection index to determine the possibility of simultaneously improving d~sease 

resistance, early maturity, and high kernel weight, the three important characters for a high 

yielding cultivar to be successful in the region. As a result of above simultaneous selection 

correlated response in grain yield was investigated. The superior genotypes developed 

through the above procedure were further evaluated in farmer's field to determine how 

suitable the improved genotypes were on the bases of farmers' preference. 

To determine distribution and dominance of the pathogens causing HLB, farmers' field 

surveys were conducted covering over 1000 km east-west high way across the plains of Nepal 

in each of the four years (1997-2000). Diseased leaf sample were collected and presence of 

pathogens and their tiequency was determined in the lab using appropriate methods of 

detection. 



Results 

1. Source of Resistance 

In a set of 60 wheat genotypes of diverse origins, we found that late maturity, higher disease 

resistance, and low to high grain veld and kernel weight characterized genoQpes exotic to 

South Asia. However, many commercial cultivars adapted to the region. despite showins 

either susceptibility or low resistance to disease, were early to intermediate in maturity and 

had high grain yield and kernel weight. Several genotypes with high levels of disease 

resistance and acceptable agronomic traits were identified, which underlines the potential for 

further improving disease resistance using local commercial wheat cultivars and selective 

breeding in this germplasm, with prospects of spillover effects to other warmer areas. 

2. Genetic Control of Resistance 

Resistance to HLB is controlled by complex genetic mechanisms depending on the source o i  

resistance. Both qualitative and quantitative inheritance was found in specific crosses 

Additive as well as non-additive gene actions controlled resistance. Resistance and maturity 

didn't show genetic lmkage. 

3. Selection index to improve resistance, early maturity and high kernel weight 

The results showed that selection for early maturing, HLB-resistant wheat lines with high 

grain yield and kernel weight is possible using a simple selection index that included the three 

traits. 

4. Incidence of pathogens of causing Helminthosporium leaf blight 

Both 8. sorokiniana (causing spot blotch) and P. tritici-repentis (causing tan spot) pathogens 

were found on wheat crop grown across Nepal lowlands in all four years (1998 to 2001) and 

their incidence could change unpredictably. Hence, a continuous monitoring of these 

pathogens is necessary in order to manage them effectively. Wheat breeding programs in 

South Asia need to incorporate resistance genes for these two pathogens, possibly from 

distinct pools, in order to develop cultivars with durable resistance to HLB. 



IMPACT RELEVANCE Ah?) TECHSOLOGY TIUIYSFER 

The project helped strengthen manpower and research facilities at the institute and within 

Nepal. The research activities help initiate collaboration with national and international whear 

research institute. Information disseminated through the publication of journal articles and 

conferences paper would be valuable for wheat researchers in South Asia and other warm 

areas of the world. 

The distribution of the two pathogens causing leaf blight in wheat in the lo\vlands is bener 

understood now. The information in the shift in the predominance of the m o  pathogens ~vould 

be directly helpful to the wheat breeders in planning incorporation of additional resistance 

genes and their geographical deployment. 

Epidemiology of HLB causing pathogens is better understood. We have first time 

documented that tan spot could become a problem in warm areas in South Asia, where spo; 

blotch used be the major disease. Also, we have documented new ways to assess foliar bligh 

damage. Disease severity per day or per degree day was bener correlated \vith grain jield 

losses than area under disease progress curve. Also, we have explicitly documented that late 

seeding of wheat suffer a much greater loss from foliar blight compared to timely seeded 

wheat and explained why is so. These findings underline the important effect of various 

environmental factors on HLB development and could lead to new guidelines for improving 

control of these effects as part of an integrated crop management strategy. 

Information on the complex genetics of leaf blight in many wheat varieties resistant to HLB is 

largely understood. This information is expected to assist wheat breeders in developing 

selection strategies early in the breeding program. 

A simple selection index to simultaneously select for HLB resistance, early maturin; and 

heavier kernels in wheat was successfully tested. It is expected that wheat breeders in warn 

wheat growing areas would use this selection technique. This selection technique has been 

published in Crop Science (2003), 43:2031-2036. 

Several wheat lines have been developed that possess background tolerance of adapted local 

wheat varieties and high level of resistance to HLB from exotic wheat genotypes. These lines 

were tested in farmers' fields and a few of them were liked by the farmers on their preference 

criteria. 



Research facilities at IAAS were strengthened through the project funds, which greatly helped 

in achieving the project activities as well other research activities. 

Three faculty members at IAAS and seven postgraduate students were directly benefited by 

having an opportunity to learn research techniques within the scope of this project. Six of 

these students are already working in different agencies in Nepal. Thus the project helped in 

manpower development and transferring technology from an academic institution to other 

service institutions. 

The project activities created awareness among students and scientists as well as external 

collaborators to initiate further research on foliar blight in Nepal involving other scientists. 

Two such institutions are CIMMYT, Katmandu, Kepal and Cornell University, USA. 

Further research on foliar blights is ongoing at this institute and in Xepal focusing more on 

climatic effect on diseases severity and yield losses. Ongoing and future research has a thrust 

on understanding the dynamics of this disease in the resource poor farmers' fields. 
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A. Israel 

The screening of plant genotypes for high degree of tolerance to a plant pathogen is in conflict 

with the search of pathogen resistance by the same plant types. Resistance is manifested by 

reduced proliferation of the pathogen and small amount of symptoms. Tolerance, on the other 

hand, can only be manifested by sensitive plants that exhibit a high degree of infection. If the 

yield losses sustained by these infected plants are small, in comparison tvith non-tolerant 

sensitive lines, they are regarded tolerant. Therefore, those genotypes that exhibit resistance 

cannot show tolerance. This inherent problem is especially acute when Septoria tritici blotch 

is studied. There is no clear cut between sensitive and resistant response to this pathogen. The 

development of the disease symptoms on infected plants is gradual and even resistant plants 

may show up to 20% loss of green leaf area. 

By the analysis of the project's preliminary results, we found that tolerance could not be 

investigated if it is combined with resistance because of the masking effect (as yield losses 

could not be measured under low disease severity). Considering this conclus~on, most efforts 

and time were held according to the following guidelines: 

1. Clear parameters were established for a cultivar to be considered as tolerant. Since 

tolerance is defined by small or no yield loss under disease stress, the primary condition 

for detecting tolerance was high disease severity (represented by AUDPC). Yield was 

measured by harvest index (seed weight/plant weight) and by thousand kernel Lveight. 

Yield loss was calculated by comparing the yield of diseased plants (artificially 

inoculated) to that of healthy plants (chemically protected). Yield loss of crosses and 

selected lines was compared with yield loss of the parents. 

2. Experiments were carried out in the field using controlled artificial inoculation in natural 

climatic conhtions suitable for both, the host and the pathogen. 

3. For the comparison of tolerant and non tolerant cultivars, and for a better understanding of 

the genetics and the inheritance of the tolerance character, crosses and back-crosses 

between tolerant and susceptible cultivars were carried out. All offspring were studied in 

field nurseries and were compared to the tolerant cultivars. 



According to these guidelines, we accomplished the preparation of crosses and back-crosses, 

including selected lines, developed parameters for identifqing tolerance and held field 

experiments every year of the project's time period. 

B. Nepal 

Prior to start of the project, there was limited documentation on characterization of host 

resistance and pathogen variability for Helminthosporium Leaf Blight of wheat in the region. 

The project was successful in achieving its objectives and providing information gap to a 

large extent. The range of host resistance for resistance to Helminthosporium leaf blight for 

the wheat genotypes in the region are more or less established now. 

This project produced a large amount of germplasm, including seed of FI generation, back- 

crosses and selected back-cross lines, which are ready for continuation of the research in any 

country. According to the findings of thls project, fiuther investigation of tolerance should be 

held using this germplasm. The research should be canied out over several seasons (years) in 

order to eliminate environmental effect on the expression of tolerance. In addition to that, the 

experiments should include replications of each plot, in order to evaluate statistically the yield 

loss of the offspring in comparison to the parents. A special focus should be made on selected 

lines, which genetically are more uniform. 

Further research works on Helminthosporium leaf blight are continuing at the institute 

capitalizing on the information and facilities generated through the project. On-going u-orb  

are particularly emphasizing understanding of climatic and management factors on th: 

stability of host resistance and managing the disease to reduce yield losses. Students who 

were trained in this project are undertaking further research on this disease at other research 

institutions as well. Funding h m  within Nepal as well as from external sources are being 

made available for further research on foliar blights of wheat in Nepal. 
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Appendix 1. Field resistance to Helminthosporium leaf blight in wheat from 
diverse origins. 

[Published: Pages 145-150. In: J.B. Rasmussen, T.L. Friesen, and S. Ali (eds.) 
Proc. 4'h Intern. Wheat Tan Spot and Spot Blotch, North Dakota State Univ.] 

Helminthosporium leaf blight (HLB) is a serious wheat disease of wheat in South 
Asia, in particular in the lowlands of Nepal.. Since the leading wheat cultivars are 
either susceptible to HL,B or possess low levels of resistance, a great deal of efforts has 
taken place in Nepal and in the region to identify HLB-resistant wheat. A study was 
conducted to determine the level of resistance to HLB and other desirable characters in a 
set of 60 wheat genotypes from diverse genetic background and origins. This 
information is needed to determine the range of host resistance available and identify 
resistant andlor tolerant wheat that might also possess acceptable agronomic characters 
to be used in the breeding program 

Methodology 
The set of 60 wheat genotypes from diverse genetic backgrounds and origins included 
in the study is given in Table 1. These materials have different yield potentials and 
were identified for their HLB resistance in other environments. The list includes many 
exotic wheat genotypes that had been specifically recycled in wheat breeding 
programs in South Asia for the purpose of improving resistance to HLB. Several 
commercial wheat cultivars from South Asia were also integrated to the study. 

All genotypes were field evaluated under natural inoculurn pressure, in a Randomized 
Complete Block with four replications during two winter seasons in 1998-1 999 (1 999) 
and 1999-2000 (2000) at two sites in Nepal (Manara and Rampur) where HLB is a 
severe problem every year. In each replication, plots were arranged in strips 
corresponding to fungicide s rayed and non-protected plots. Protected plots were 
sprayed four times with Tilt (ai. propiconazole) at 125 g ai./ha.. BMh trials were 
timely sown usingl20-kgha seed. Fertlizers were applied at the rate of 120,60, and 
40-kg/ha of N P20s and K20, respectively. Other management practices were 
consistent with the good crop husbandry recommended in the region.. 

Twenty primary tillers in each plot were randomly selected and tagged to 
score HLB severity. Disease incidence was recorded after anthesis when necrosis of 
the penultimate leaves started. Disease severity was rated by visually assessing the 
percent diseased leaf area on flag (F) and F- l leaves. For differences in disease 
severity are reported to be small, in four disease scores were taken to calculate the 
area under disease progress curve (AUDPC) and better estimate small changes in 
disease development during the cropping season. The collected agronomic data 
included days to heading (GH), plant height (cm), effective number of tillers!m2, 
biomass, grain yield (GY) and thousand-kernel weight (TKW). An analysis of 
variance was used to determine genotypic differences and genotype-by-environment 
(location and year) interactions. 

Losses in GY and TKW were estimated to corroborate the presence of genetic 
tolerance for HLB and assess yield potential or adaptation. High yielding genoppes 
under the conditions of this study and s h o ~ i n g  a relatively high AULlPC but with low 
reduction in TKW and GY were considered tolerant to HLB. 



Results 
The 60 genotypes significantly varied in AUDPC with mean values across sites 

and years ranging between 45 and 1268 suggesting a wide range of HLB resistance 
(Table 1). A few genotypes were highly resistant: SW 89-5 193, SW 89-3060'. SW 89- 
5422, Chirya 7, Ning 8319, and Croc I/Ae.sq.l/Borl95. The materials originated from 
China or included the infusion of alien wheat relatives. In general, these highly 
resistant genotypes had lower biomass, low to intermediate grain yield, hanest index 
and TKW. Moreover, in growing conditions of the Gangetic plains these genotypes 
were heading late compared to commercial cultivars of Nepal. A few locally adapted 
but not recently released cultivars showed the highest disease susceptibility 
(AUDPC): RR 21 (Sonalika), BL 1 135, BL 1022, Lumbini and Siddhartha. These 
genotypes are usually heading early and have low to high grain yield and biomass, 
and intermediate to high harvest index and TKW. These results suggest that it could 
be possible to select wheat genotypes with low AUDPC, and acceptable levels of GY 
and TKW among entries not directly adapted to South Asia such as SW89-5122, 
Chirya 3, Ning 83 19, NL785 which could further be used in crosses mith current 
commercial genotypes to improve HLB resistance. 

The reductions in GY and TKW due to HLB ranged from 2.2 to 25.6%, and 
2.6 to 33.0%, respectively (Table 2). Correlation coefficients (r) for ALDPC with loss 
in GY (r=0.644**) and TKW (r=0.664**) were highly significant confirming that 
HLB overall may cause substantial economic damage should susceptible wheat 
cultivars be promoted. In general, reduction in GY and TKW were higher in local 
commercial cultivars compared to the introduced wheat genotypes. However, sex-era1 
adapted cultivars released in South Asia showed comparatively low reductions in 
grain yield and TKW. BL1473, Nepal 297, UP 262, BL1022, Kanchan and BL1813 
belong to that group and showed relatively low reductions in GY and TKW despite a 
higher AUDPC. Based on this result and considering the lower reduction in GY and 
TKW, these genotypes could be considered tolerant to HLB. These materials should 
be recommended as parents for future crossing schemes with HLB resistant less 
adapted wheat genotypes to combine both resistance and tolerance to obtain possibly 
more durable and stable resistance to foliar blights in South Asia. 

Biplot analysis identified several genotypes that were HLB-resistant and 
agronomically superior (Fig. 1). Results suggest it is possible to improve HLB 
resistance of local wheat cultivars based on selective breeding using this pool of 
germplasm. 

Conclusion 
A number of genotypes with high levels of HLB resistance and acceptable 

agronomic traits were identified, which underlines the potential for further improking 
HLB resistance using local commercial wheat cultivars and selective breeding in this 
germplasm, with prospects of spillover effects to other warmer areas. 



Table 1. Mean values for various traits in 60 wheat genotypes evaluated for HLR resistance and agronomic values across two locations in Nepal 
in 1999 and 2000. 

- - -. 
Biomass Genotype 

No. Name Origin 

1. SW 89-5193 China 
2. SW 89-3060 China 
3. SW 89-5422 China 
4. Chirya 7 CIMMYTlNepal 
5. Ning 83 19 China 
6. NL 781 CIMMYTlNepal 
7. Croc IIA. sq./lI3orl95 CIMMYT 
8. Chirya 3 CIMMYTlNepal 
9. G I62 
10. Chirya I CIMMYTlNepal 
1 I. Yangmai -6 China 
12. N1,7X5 ClMMYTlNepal 
13. NL, 750 CIMMYTlNepal 
14. Snbnl' ClMMYT 
15. IlLr3 19 
16. NI. XO8 CIMMYTlNcpal 
17. 111. 1740 Nepal 
18. Jinmui 4058 China 
10. Ning 8201 China 
20. K 8027 l l d i u  
21. K 7 Zambia 

AUDPC 

- 

45 
62 
73 
77 
79 
81 
8 1 
85 
96 
99 

101 
108 
112 
113 
129 
145 
155 
I58 
164 
172 
I76 

yield 

kg ha-' 

8833 
8961 
9098 

10168 
8853 

10526 
9358 

10492 
8788 
9620 
8489 
9963 

10823 
9988 

10249 
10539 
9442 

1 1  128 
9123 

11139 
12351 

~ r a i n  Harvest Thousand Days to Days to Plant Tiller 

yield index kernel wt. heading maturity height number 

m-2 

262 
272 
205 
27 1 
246 
308 
334 
272 
242 
269 
229 
267 
269 
267 
344 
300 
268 
28 I 
226 
300 
31 1 



22. WH 542 
23. Mayoor (HLB 48) 
24. PRL I Toni 
25. Longmai -1 0 
26. ZSH 22 (Rwerere) 
27. Achyut 
28. Ocepar 7 
29. RH 1 146 
30. RL 1813 
31. NL 872 
32. NL 835 
33. Triveni 
34. NL 588 
35. Rohini 
36. BI. 1692 
37. Fang 60 
38. Bhrikuti 
39. BI, 1724 
40. NI. 788 
41. NI, 753 
42. Annapurna-l 
43. Vnskar 
44. Nirit 
45. KavkwfK4500 
46. NI, 731 
47. Kanchan 
48. 111. 1473 
49. Nepal 207 
50. 131. 1530 
5 1. Shiilir 

India 
CIMMYT 
CIMMYT 
China 
Zambia 
CIMMYTMepal 
BrazilICIMMYT 
Brazil 
Nepal 
ClMMYTMepal 
CIMMYTMepal 
ClMMYTMepal 
CIMMYTMepal 
CIMMYTMepal 
Nepal 
China 
Nepal 
Nepal 
CIMMYTMepal 
CIMMYTMepal 
CIMMYTMepal 
CIMMYTMcpal 
Israel 
lsrael 
CIMMY'I'Mepal 
13angladesh 
Nepal 
CIMMY'l'lNepal 
Ncpal 
lsrael 

3756 38.8 29.4 83 121 88 
3232 30.3 29.0 92 126 110 
3927 34.5 39.2 82 124 104 
4318 33.0 35.5 81 121 124 
3503 36.9 39.4 77 120 118 
4110 34.6 40.0 83 125 110 
3849 40.0 33.3 76 122 88 
3690 31.6 39.4 77 121 141 
4495 41.5 44.7 73 121 109 
4002 42.0 43.0 78 122 87 
4340 45.5 43.8 73 120 95 
4124 38.5 42.0 73 121 105 
4410 42.0 42.3 77 120 101 
4064 39.5 42.0 74 121 103 
4040 43.3 44.6 71 119 88 
4544 37.9 34.0 75 122 105 
4161 41.4 39.2 76 123 91 
4103 39.4 40.0 77 123 97 
4316 42.0 42.9 78 121 98 
4426 43.8 45.6 76 123 98 
3973 3 9 .  34.2 82 124 94 
4068 42.9 34.6 74 121 89 
4068 42.7 37.3 72 119 90 
4145 33.3 33.5 83 120 105 
3640 40.2 44.2 73 120 104 
3356 36.4 37.9 70 124 106 
3921 43.1 48.7 67 120 103 
3913 42.4 SOX 67 12 1 93 
41x1 0 3  41.5 76 121 103 
4077 44.8 38.0 hX I I0 85 



52. UP 262 
53. Vinayak 
54. Nepal 251 
55. Siddhartha 
56. Lumbini 
57. BL 1022 
58. I~ID1982 
59. BL 1 1  35 
60. RR 21 (Sonalika) 

Average 
LSDo os 
CV (?h) 

India 
CIMMYTMepal 
CIMMYTMepal 
CIMMYTMepal 
CIMMYTMepal 
Nepal 
India 
Nepal 
CIMMYTNepal 



Table 2. Losses due to Helminthosporium leaf blight in biomass yield, grain yield, 
1000-kernel weight, and harvest index in 60 wheat genotypes averaged in 
1999 and 2000 

1000-kernel Hmest  
Biomass vield Grain vield weieht index 

SW 89-5193 
SW 89-3060 
SW 89-5422 
Chirya 7 
Ning 83 19 
NL 781 
Croc 1IA. sq.IBorl95 
Chuya 3 
G 162 
Chuya l 
Yangmai -6 
NL 785 
NL 750 
Sabuf 
HLB 19 
NL 868 
BL 1740 
Jinmai 4058 
Ning 8201 
K 8027 
K 7  
WH 542 
Mayoor (HLB 48) 
PRL I Toni 
Longmai - I0  
ZSH 22 (Rwerere) 
Achyut 
Ocepar 7 
BH 1 I46 
BL 1813 
NL 872 
NL 835 
Triveni 
NL 588 
Rohini 
BL 1692 
Fang 60 
Bhrikuti 
BL 1724 
NL 788 
NL 753 



Annapuma-1 
Vaskar 
Nirit 
KavkazK4500 
NL 731 
Kanchan 
BL 1473 
Nepal 297 
BL 1530 
Shafir 
UP 262 
Vinayak 
Nepal 25 1 
Siddhartha 
Lumbini 
BL 1022 
HD1982 
BL 1135 
RR 2 1 (Sonalika) 

Mean 



Figure 1. GGE biplot based on area under disease progress c w e  (AUDPC). biomass 
yield (BY), grain yield (GY), 1000-kernel weight (TKW), d a y  to heading 
(DH), days to maturity (DM), plant height (PHT). and effective tiller number 
(TLN) of 60 wheat genotypes (refer to Table 1) evaluated at two sites in 
Nepal in 1999 and 2000. 



Appendix 2. Genetic control of resistance to Helminthosporium leaf blight in 
wheat 

[Published: Pages 68-73. In: J.B. Rasmussen, T.L. Friesen, and S. Aii (eds.) 
Proc. 4" Intern. Wheat Tan Spot and Spot Blotch, North Dakota State Univ.] 

Wheat breeders in South Asia are continuously attempting to develop wheat 
(Triticum aestivum L.) cultivars resistant to Helminthosporium leaf blight (HLB). 
Information on the genetic control and suitability as breeding parents for HLB 
resistance in wheat cultivars of South Asia is not available. A study was undertaken to 
examine the resistance to HLB of nine aeneticallv diverse wheat Darents. and to - 
evaluate their general combining ability (GCA) A d  specific combining ability (SCA) 
effects toward determining the genetic basis of disease resistance. 

Methodology 
Nine parents were crossed in a half-diallel mating design to produce 36 

populations. The FI  and F2 progenies, and the parents were evaluated in replicated 
field tests at Rampw, Nepal. Multiple disease scores were recorded and area under the 
disease progress curve (AUDPC) was calculated to measure disease severit); over 
time. The c o m b i i g  ability analysis was performed using Griffing's Method 2, 
Model 1. 

Results 
Parents showed wide variation for resistance to HLB (Table 3). The parents as 

well as FI  and F2 progenies significantly differed for AUDPC. GCA and SCA effects 
were significant in both generations suggesting that additive as well as non-additive 
gene actions were involved in the control of disease resistance in these parents. \heat 
genotypes 'SW 89-5422', 'G 162' 'NL 781'and 'Chirya 7' had significantly negative 
GCA effect for AUDPC in both FI  and F2 (Table 3) generations suggesting their 
suitability in wheat breeding programs to improve resistance to HLB. Specific 
combining ability effects were generally non-significant (Table 4). Only 10 and 8 
crosses out of 36 had significant SCA effects in Fi  and F2 generation, respectively. 
The estimate of narrow sense heritability was 0.77 in both generations suggesting that 
selection for HLB resistance could be effective in these crosses (Table 5). The results 
suggest predominance of additive gene action in the inheritance of HLB resistance. 

Conclusion 
In general, the nine wheat parents differed in disease resistance and genotypes 

exotic to the region had a higher level of resistance. The predominance of GCA effect 
for AUDPC indicates that resistance to HLB can be improved through selection. 
Parents with a high level of resistance and significant negative GCA estimates were 
identified but a certain level of inconsistency in GCA estimates was found in both 
generations. Based on AUDPC values and GCA estimates, SW89-5422, N 7 8 1 .  
GI62 and Chuya 7 are likely superior sources for HLB resistance for further use in 
wheat breeding programs targeted to improving this trait. Among all parents, SW89- 
5422 was the best general combiner for resistance to HLB. The HLB-resistant parents 
involved in this study are now widely used in wheat breeding programs in South Asia 
as potential new sources of resistance against this important disease. Hence. the 
information on their suitability as breeding parents is valuable to wheat breeders 



toward developing crossing plans and selection schemes in view to improve the level 
of resistance to HLB in susceptible commercial cultivars. 

Table 3. Parental mean and general combining ability (GCA) estimates for area under 
disease progress curve (AUDPC) of Helminthosporium leaf blight in the F I  and Fz 
generations from a nine parent diallel analysis in spring wheat. 

GCA 

Parent AUDPC F I F? 

Chirya 7 314 e f  -38.0 ** -81.5 * *  
SW89-5422 49 h -175.6 ** -239.9 * *  
G 162 280 fg -95.1 ** -91.6 ** 
BL 1724 469 d 11.0 4.1 
NL 781 210 g -76.3 ** -117.8 * *  
Bhrikuti 604 c 45.5 ** 42.8 * 
Anila 374 de -50.9 * -1.4 
HD 2329 758 b 146.4 ** 206.9 ** 
Sonalika 947 a 233.2 * *  278.5 * *  

Mean 445 
Correlation coefficient (r)  between 

Mean and GCA 0.99 ** 0.99 * *  
FI GCA and F2 GCA 0.98** 

'Means followed by the same letter within a column are nonsignificantly different 
based on LSD005 

*, ** Significantly different fiom zero at P = 0.05 and 0.01, respectively. 



Table 4. Cross mean and estimates of specific combining ability (SCA) for area under 
disease progress curve of Helminthosporium leaf blight in a nine-parent diallsl 
analysis in spring wheat. 

cross FI F? 

Number Name Mean SCA Mean SC.4 

Chirva 7 1 SW 89-5422 65 -2.1 261 -7.7 
~ h i j a  7 1 G 162 
Chirya 7 1 BL 1724 

Chuya 7 I NL 78 1 
Chirya 7 I Bhrikuti 
Chirya 7 I Anila 
Chirya 7 1 HD 2329 
Chirya 7 1 Sonalika 
SW 89-5422 I G 162 
SW 89-5422 1 BL 1724 
S W 89-5422 1 NL 78 1 
SW 89-5422 1 Bhrikuti 
SW 89-5422 I Attila 
SW 89-5422 1 HD 2329 
SW 89-5122 1 Sonalika 
G 162 1 BL 1724 
G l 6 2 I N L 7 8 l  
G 162 1 Bhrikuti 
G 162 I Attila 
G 162 1 HD 2329 
G 162 1 Sonalika 
BL 17241NL 781 
BL 1724 1 Bhrikuti 
BL 1724 I Attila 
BL 1724 I HD 2329 
BL 1724 1 Sonalika 
NL 781 1 Bhrikuti 
NL 78 1 1 Anila 
NL 781 I HD 23329 
NL 781 1 Sonalika 
Bhrikuti I Attila 
Bhrikuti I HD 2329 
Bhrikuti I Sonalika 
Attila I HD 2329 
Attila I Sonalika 
HD 2329 I Sonalika 
Mean 

*,** Significantly different from zero at P = 0.05 and 0.01, respectively. 



Table 5. Estimates of additive ( 0 2 ~ ) ,  non-additive ( 0 2 ~ , 4 ) ,  and environmental (oZE) 
components of variance, and narrow sense (h2,) and broad-sense ( h Z b )  heritabiliv 
for area under disease progress curve of Helminthosporium leaf blight in a nine- 
parent diallel analysis in spring wheat. 

Genetic oarameter F I F, 



Table 6. Inheritance of early flowering in wheat crosses g r o m  at Rampur, Nepal in 
1998-99 wheat growing season. 

Cross 
Maturitv Ratio tested x- 
Early Late (Early:Late) Probabilie 

Vinayak x HLB 25 152 43 3 : l  0.342 
Chirya 7 x Ciano 79 177 77 3 : l  0.050 
S W-89-3060 x HD 2329 2 18 69 3 : l  0.708 

Table 7. Inheritance of resistance to HLB in wheat crosses under natural infection at 
Rampur, Nepal in 1998-99 wheat growing season. 

Cross 
Ratio tested 

Resistant Susceptible (Res. : Sus.) Probabilit). 

Vinayak x HLB 25 144 5 1 3 : l  0.710 
Chirya 7 x Ciano 79 196 58 3 : l  0.426 
SW-89-3060 x HD 2329 21 5 72 3 : l  0.973 

Table 8. Inheritance of early flowering and resistance to HLB in the FI generation of 
wheat crosses under natural infection at Rampu, Nepal in 1998-99 wheat 
growing season. 

Cross 
Vinayak x Chirya 7 x SW-89-3060 x 
HLB 25 Ciano 79 HD 2329 

Early - Resistant (ER) 114 138 1 64 
Early - Susceptible (ES) 38 39 54 
Late - Resistant (LR) 30 58 5 1 
Late - Susceptible (LS) 13 19 18 
Ratio tested ( 9 E R : 3 E S : 3 L R :  1 LS) 
X2 - probability 0.691 0.203 0.979 



Appendix 4. Selection index for improving Helminthosporium leaf blight 
resistance, maturity and kernel weight in spring wheat 

[Published in Crop Science 43:2031-2036 (2003)j 

A selection strategy is needed to identify early maturing, HLB-resistant 
genotypes, given that most early maturing wheat cultivars in South Asia are either 
susceptible or have low levels of resistance to Helminthosporiurn leaf blight (HLB). A 
studv was conducted to determine whether three traits (resistance to HLB, maturity, 
and kernel weight) could be simultaneously improved with a selection index (S.I.) 
combining the area under disease progress curve (AUDPC) as an assessment of 
disease severity, days to heading @HD), and thousand-kernel weight (TKW3. 

Methodology 
An early maturing and HLB-susceptible cultivar 'Sonalika' was crossed to four 

late maturing HLB-resistant wheat genotypes to develop four populations used in this 
study. The four Fz-derived F3 families and both parents of each cross were gro\bn in 
I-m long single row plots. In each row, 100 seedlings were maintained to obtain a 
solid crop stand. Multiple HLB scores were taken (double digit 00-99 scale) to 
calculate the area under disease progress curve (AUDPC) per progeny. Days to 
heading @H) and thousand-kernel weight (TKW) were also recorded. The following 
selection index (S.I.) using AUDPC, DH, and TKW was developed: 

S.I. = (AUDPC rank in ascending order + DH rank in ascending order) + TKW rank in descending 
order) 1 

In practice, the F3 line with the lowest AUDPC value was given a rank value of 1. 
Similarly, the F3 line with the lowest DH value was ranked 1. In contrast, the F3 line 
with the highest value for TKW was ranked 1. 

In each of the four crosses, 20 lines with the lowest index and the 20 with the 
highest index were selected among a total of 234 F3 progenies. The 40 lines selected 
in each cross were evaluated during the 2001-2002 growing season, in a replicated 
field test conducted under natural inoculum pressure at two sites of the lowlands of 
Nepal (Manara and Rampur) where HLB severity has been high on wheat crop for the 
past several years. Both trials were planted and managed following optimum crop 
husbandry practices recommended for the area 

Three HLB scores were recorded during the post-anthesis period using the 
double-digit system and the AUDPC was calculated after conversion to estimate the 
percent diseased leaf area. The other data recorded were DH, TKW, biomass yield 
(BY), grain yield (GY), harvest index (HI), and plant height (PHT). To determine the 
effectiveness of the selection index the significance of difference between high and 
low selection groups for the traits included in the selection index was tested. 
Correlated responses were measured in terms of changes brought in other important 
characters, such as GY, BMY, HI, and PHT. 



To be of practical significance to wheat breeders, it is important that desirable 
response be observed for GY and PHT. The best lines identified should have high 
GY, low AUDPC, high TKW, early heading and acceptable PHT. 

Results 
Selection in the F3 generation using the low and high S.I. was effective in 

identifying F4 lines with low and high AUDPC, respectively. The use of lo\\. S.I. was 
associated with higher grain yield and higher TKW, without significantly affecting 
DHD and plant height. The AUDPC was reduced by 579 to 837, depending on 
location &d popul&on, while TKW was increased by 7.8 to 12.7 g, and grain yield 
by 786 to 1491 kg ha-' (Table 9). The use of S.I. also produced positive response in 
biomass and grain yields. There was an average 43% increase in grain yield of the low 
S.I. group compared with the high S.I. group. The F3 lines belonging to the low and 
high S.I. categories remained in their respective S.I. groups in the FJ generation, 
indicating that environmental conditions did not have a substantial effect on S.I. The 
results suggested that selection for early maturing, HLB-resistant wheat lines \\ith 
high grain yield and kernel weight is possible using a S.I. 

Conclusion 
This is the first report on the use of a simple S.I. to improve HLB resistance 

and maturity in wheat. It is likely to prove particularly useful to wheat breeders who 
usually base genotype selection on means and ranks. Since the three characters that 
are part of the S.I. in this study are recorded regularly in most wheat breeding 
programs, the use of an S.I. does not increase workload. One could argue that using 
truncated selection could be as good as or even simpler than using an S.I.; however, 
breeders using truncated selection would be tempted to select first for early heading. 
then for disease resistance and, finally, for kernel weight. Truncated selection would 
thus consider maturity more important than disease resistance and TKW. A breeder 
might consider selecting a line showing high levels of HLB resistance and high TKW 
with even intermediate maturity. This flexibility is inherent to the proposed S.I. and 
cannot be done using truncated selection. The advantage of using an S.I. is that it is 
flexible enough to allow balancing moderate defects in one trait with obvious gain in 
others. 



Table 9. Area under disease progress curve (AUDPC), days to heading, 1000-kernel weight, biomass yield, grain yield, harvest index, and plant 
height of Fq lines following an index selection for AUDPC, days to heading, and 1000-kernel weight in the F3 generation in four wheat 
populations. 

Mean o f  low (L) and high (H) selection index groups 

Days to 1000-kernel Biomass Grain Harvest Plant 
AUDPC heading weight yield yield index height 

Popt Gen) Location L t I L 1-1 L H L H L H L H L H 

Rampur 
Rampur 
Manara 
Rampur 
Kampur 
Manara 
Rampur 
Rampur 
Manara 
Rampur 
Rampur 
Manara 

*, **  Difference hetween low and high selection index groups significant at P = 0.05 and 0.01, respectively, hased on 'F'test 
t Pop Population. + Gcn - Generation 



Appendix 5. Incidence of Bipolaris sorokiniana and Qrenophora tritici-repentic 
on wheat in the lowlands of Nepal 

[Published: Pages 122-127. In: J.B. Rasmussen, T.L. Friesen, and S. Ali (eds.) 
Proc. 41b Intern. Wheat Tan Spot and Spot Blotch, North Dakota State Zlniv.1 

Helminthosporium leaf blight (HLB) is a serious disease in warmer wheat 
growing environments in South Asia. It is difficult to control h s  disease complex 
because both pathogens may occur independently at similar or different growth stages 
of a wheat crop. A decade ago, it was generally accepted that B. sorokiniana prevailed 
mostly in the warm lowlands of Nepal corresponding to the Gangetic plains (Q00 
masl) whereas P. tritici-repentis was found in the cooler climate of the hills (>800 
masl) and that both pathogens could be equally identified in a transition zone 
characterized by mid-hills and river basins. However, in the early 1990s, P. trifici- 
repentis was occasionally isolated in the warm and humid lowland of Kepal. where B 
sorokiniana dominated typically, suggesting that tan spot was probably overlooked. 
This study was conducted to investigate the presence of both pathogens across the 
southern wheat belt of lowland Nepal also known as Tarai. 

Methodology 
In Nepal, wheat is grown from November to April during the minter season. 

The survey was conducted during four wheat growing seasons: 1997-1998 (1998). 
1998-1999 (1999), 1999-2000 (2000) and 2000-2001 (2001) following the east-west 
highway of Nepal. It covered a distance of more than 1000-km and included all the 20 
lowland districts. It underlines the importance of the Tarai belt for food secunty in 
the country and of controlling foliar blights in that region which coincides nith the 
max 40 km wide plain bordering the Himalayas that is already part of the Gangetic 
plains. The sampled districts where most Nepal wheat is g r o m  (>300.000 hectares) 
cover 17% of the country. 

Each year, diseased leaf samples were collected from the farmers' fields when 
the wheat crop was in mid to late grain filling stage during the 2nd and 3rd week of 
March. At each site, diseased leaves were collected walking in a zigzag manner 
covering several hectares of wheat. In most cases, infected leaf samples were 
collected approximately from the same siteslvillages every year. A total of 267,690, 
614, and 475 samples were collected in 1998, 1999,2000, and 2001, respectivel). 

The infected leaves were incubated in the laboratory at 24°C for 24 to 48 
hours under alternate light in Petri plates containing moist filter paper. The leaf 
samples were examined under a stereomicroscope to determine the presence of one or 
both pathogens based on conidia formation. 

Results 
Both B. sorokiniana and P. tritici-repenfis were found on wheat crop gr0t-n 

across Nepal lowlands in all four years (1998 to 2001) (Table 10). Overall, the 
incidence of P. tritici-repentis was above 60% and increased over years whereas that 
of B. sorokiniana found in more than 50% of the samples in 1998 and 1999 appeared 
decreasing in 2000 and 2001. The occurrence of both pathogens was found to be 
highly variable. On a total of 267,690,614, and 475 infected leaf samples collected 
from I998 to 2001, B sorokinianaconidia were respectively observed in 51,69,28. 
11% leaf samples (Fig. 2). Surprisingly, a significant increase in the P. tritici-repemis 



frequency was observed with 63,68,84, and 82% of the samples harboring tan spot 
in the same period. 

Though environmental conditions could not be monitored in details in this 
survey, the climatic information obtained at key sites suggested that differences exist 
between regions that may affect the relative frequency of both pathogens. Only a 
detailed weekly observation at the field level may help to further understand the 
epidemiology of HLB in Tarai and hills conditions. Beside weather, other 
environmental factors most likely predispose to the disease. If these constraints are 
properly identified, crop management could be part of a disease control scheme 
including genetic resistance. 

Conclusion 
The results of this study confirm that incidence of both HLB causing 

pathogens could change unpredictably across the Eastern Gangetic Plains of South 
Asia. Hence, a continuous monitoring of these pathogens is necessary in order to 
manage them effectively. Wheat breeding programs in South Asia need to incorporate 
resistance genes for these two pathogens, possibly from distinct pools. in order to 
develop cultivars with durable resistance to HLB. 



Table 10. Incidence of Bipolaris sorokiniana and Pyrenophora tritici-repentis in the lowland 
districts of Nepal in four years 

Number of wheat leaf samples containing the pathogen 
District Bipolaris sorokiniana Pyrenophora tritici-repentis 

1998 1999 2000 2001 1 1998 1999 2000 2001 

Morang 3 
Sunsari 12 
Saptari 6 
Siraha 1 
Dhanusha 8 
Mahottari 9 
Sarlahi 4 
Rautahat 5 
Bara 7 
Parsa 5 
Makwanpur 3 
Chitwan 20 
Nawalparasi 12 
Rupandehi 32 
Kapilbastu 1 
Dang 4 
Banke 3 
Bardia - 
Kailali 1 
Kanchanpur - 13 1 - 19 24 

Total 136 473 176 54 168 468 518 389 
Total Samples 267 690 614 475 267 690 614 475 
Frequency (%) 51 69 28 11 63 68 84 82 
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Figure 2. Frequency of HLB Pathogens in the lowlands of Nepal during 1998-2001 
Surveys. 



Appendix 6. Characterization of Helrninthosporium leaf blight resistance in 
wheat at different growth stages 

[Published: Pages 153-158. In: J.B. Rasrnussen, T.L. Friesen, and S. Ali (eds.) 
Proc. 4'h Intern. Wheat Tan Spot and Spot Blotch, North Dakota State Wniv.] 

Helminthosporium leaf blight (HLB), occurring either singly or as a complex of 
spot blotch, caused by Bipolaris sorokiniana (Ito & Kuribayashi) Drechs. ex Dastur, 
and tan spot, caused by Pyrenophora tritici-repentis (Died.) Drechs, is the most 
serious disease constraint to wheat (Triticum aestivum L.) yields in the warmer plain 
areas of South Asia. There is little documentation of epidemiological study in the rice- 
wheat system, elucidating in details when the disease really starts and how fast both 
pathogens multiply on wheat crop under different environmental conditions in terms 
of temperature and humidity. This study was conducted to: (i) examine initiation and 
tissue proliferation of B. sorokiniana and P. tritici-repentis throughout the wheat 
season on contrasting genotypes seeded on optimum and later than optimum dates; (ii) 
observe aerial incidence of the two pathogens during wheat cropping season, (iii) 
evaluate the possible inoculum source of both pathogens, and (iv) to determine the 
extent of grain yield loss by HLB. 

Methodology 
An experiment conducted in 2001-2002 (2002) and 2002-2003 (2003) at 

Rampur, Nepal (228-mas], 27'40' longitude, and 84"19' latitude). Six genetically 
diverse genotypes (RR21=Sonalika, BL1473, Nepal 297, NL750, NL781, 
MilanIShanghai-7) differing in maturity and level of resistance to HLB were s o ~ n  in 
four replicates, at three dates ranging from optimum (Nov. 26) to late sonn (Dec 26) 
conditions. Sonalika, BL1473, and Nepal 297 are more susceptible to HLB compared 
to the other three varieties harboring high levels of resistance. The field trial followed 
a strip-split plot design with seeding date and fungicide spray as two strips and the six 
varieties as split factor. The individual plot size was 2-m x I-m using a seed rate of 
120 kgka and 0.25-111 row spacing. The plots were managed following optimal crop 
husbandry recommendations for the region. In each plot, twenty plants were sampled 
at weekly intervals, starting one week after emergence. After incubation in the 
laboratory, the occurrence of spot blotch and tan spot was determined based on 
symptom observation under the stereo-binocular Fungal isolations were conducted to 
confirm the observations. Moreover, the amount of air-borne conidia of both 
pathogens was monitored on a weekly basis. Conidia were trapped during 17 weeks 
using a Rotorod@ Model 20 sampler installed in the research plot. 

After anthesis, four HLB scores were visually recorded using the doubledigit 
scale (00-99) for each plot. When using the double-digit scoring system, disease 
severity percentage was estimated from the product of both digits, each one 
previously divided by 9 and multiplied by 100 [i.e. @49) x (D2/9) x 1001. The area 
under the disease progress curve (AUDPC) was calculated using the percent severir). 
estimates corresponding to the four ratings as shown below: 

where, Y, = HLB severity on the ith date, X, = ith day, and n = number of dates on 
which HLB was recorded. The AUDPC was standardized by dividing by the total 
number of days of the assessment period (AUDPCIday) in order to directly compare 
among epidemics of different lengths for three seeding dates. The AUDPC was also 



standardized by dividing by the total number of  degree days (AUDPCDD) for 
making comparisons among epidemics related to different temperatures effects for the 
three seeding dates. . In Nepal conditions, average temperature during the disease 
assessment period are lower for timely seeded compared to late seeded wheat. Hence. 
the amount of degree days for an assessment period was calculated as the sum of daily 
mean temperature (OC) during the corresponding period. Grain yield (GY). thousand- 
kernel weight (TKW) and other agronomic data were recorded on a per plot basis. 

The statistical analysis included an analysis of variance (ANOVA) to test main 
and interaction effects. The number of leaf samples showing the presence of B. 
sorokiniana and P. tritici-repentis was ploned for each variety against successive 
weeks of observation, to evaluate the early incidence and multiplication of the both 
pathogens on leaf tissues and determine if hngi  development was affected by 
genotypes. Similarly, the number of conidia of both pathogens counted on the 
RotorodB sampler was ploned to determine when they can be detected in the air and 
at what density. The graphs were compared to infer on possible sources of inoculum 
of two pathogens. 

Resultg 
B. sorokiniana and P. tritici-repentis were isolated from leaf samples taken at 

seedling and tillering stage on Dec. 8 and Feb. 2, respectively. Tissue infection w a s  
slow for four to six weeks and rapidly increased with increased temperature (Fig 3). 
The first air-borne conidia of B. sorokiniana and P. tritici-repentis were recorded in 
the week of January 20-27, and the conidia counts were much higher for B. 
sorokiniana than for P. tritici-repentis. Both pathogens had the maximum number of 
conidia in the air during the last week of March and the Is' week of April. Results 
suggest that seed could be the primary source of inoculum for B. sorokiniana and that 
air-borne conidia are related to the profuse multiplication during secondary infecrion 
cycles, whereas the infection by P. tritici-repentis might result primarily from the air- 
borne spores originating probably on alternate hosts. HLB caused an average 3046 
reduction in grain yield with higher losses under delayed seeding. Increase in ALDPC 
per day or per degree-day bener explained the potential yield losses compared to 
AUDPC per se. The results of this study are first comprehensive report on 
epidemiology of foliar blight pathogens in South Asia, especially for rice-wheat 
system. The findings underline the important effect of various climatic factors on 
HLB development and could lead to new guidelines for improving manipulation of 
climatic information as part of an integrated crop management strategy. 



Figure 3. Number of conidia in air (A), frequency of leaf number infected with 
pathogens (B), mean daily air temperature and humidity (C) and daily rainfall 
recorded during the wheat crop cycle at Rampur Nepal in two years. 



Table 1 1. Mean values for area under disease progress curve (AUDPC), AUDPC per day (AUDPCJday) and per degree day (AUDPCIDD) under 
three seeding dates in 2002 and 2003 wheat growing seasons averaged over six genotypes. 

Seeding date AUDPC AUDPCIday AUDPCIDD 

2002 
- 

2003 2002 2003 2002 2003 

26 November 467 abt ,  A$ 356 c, B 25 c, B 19 c, A 1.2 c, A 0.9 c, B 

1 1  December 515 a, A 397 bc, B 40 b, A 31 b ,B  1.7 b, A 1.5 b,A 
26 December 424 c, B 484 a, A 47 a, B 54 a, A 1.9 a, B 2.4 a, A 

Mean 469 A 412 B 37 A 35 B 1.6A 1.5 A 

t Means within a column followed by the same lower case letter do not differ significantly based on LSDoos. 
$ Means for a given trait in a row for the same planting date followed by the same upper case letter do not differ significantly in the two years 
based on I,SDoos 
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Figure 4. Change in AUDPC, AUDPC per day (AUDPCIay) and AUDPC per degree day 
(AUDPCDD) in six wheat genotypes over three seeding dates in 2002 and 2003 
wheat season at Rampur, Nepal. 
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Figure 5. Reduction in biomass yield (A), grain yield (B), and thousand-kernel weight (C) 
due to Helminthosporium leaf blight under three seeding dates of wheat in two years. 
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Appendix 7. Combining tolerance from locally adapted and resistance from erotic 
wheat genotypes and evaluating performance of progeny lines 

This study was conducted to identify progenies with higher levels of resistance to 
Helminthosporium leaf blight (HLB) resulting from crossed involving tolerant local cultivars 
and exotic resistant genotypes. Besides resistance agronomic characters were also considered 
in identify superior progeny. T 

Methodology 
Twenty Fs lines from the crosses involving highly resistant parents were identified 

based on the past year's study on both farmer's field and research station. These lines along 
with commercial wheat varieties as check were tested in replicated field tests at a farmer's 
field and research station to determine level of genetic tolerance and resistance of these lines. 
This will be fourth season of these lines being exposed to natural population of the fungi. 
Besides disease resistance and high yield, these 20 lines were also subject to farmers' 
selection criteria. The results are presented below. Mean agronomic performance at research 
station Rampur, and a farmer's field at Janakpur are given in the Table 12 below. 

Results 
All the selections showed lower disease severity (Table 12). For most of selections, 

the level of disease was lower than the resistant parent involved in the cross. It shows that 
transgressive segregates were selected for disease resistance. This also indicates that in many 
of the resistant progenies, there were combinations of adaptive genes from the local 
susceptible parents with background tolerance to disease and frontal resistance from the 
unadapted parents. Some of these progenies could possess durable resistance to foliar blight. 

Grain yield of the selected progenies ranged from low to high compared to the highest 
yielding check cultivar. However, the progenies always out-yielded the parents. Several 
selections (Sel 1,5,7, 12, 14, 15 and 18) were high grain yielding compared to the highest 
yielding checks (BL1887 and BL1473). 

All selections had early maturity, an important trait for farmers' acceptabilit) of a 
wheat variety in the warm regions oFSouth Asia. Many selections had thousand-grain weight 
comparable to the best check cultivars. Most of the selections also had acceptable plant 
height. 

The farmers' preference rank of many selections was low primarily because of 
segregation of one or more traits. Segregation for certain visible morphological chancters 
such as chaff color and plant height occurred within a plot of selected progeny because all of 
the selected progenies were Fz-derived lines. Such progenies could be purified by bulk 
selection before further testing. However, a few selections (Sel 1,2,3, 14, 16) were preferred 
by farmers over a number of commercial varieties. 

The findings of this study suggest that high grain yielding disease resistant progenies 
were identified which could be further tested in broader yield trials. 



rable 12. Thousand Fanners' 
jelectionl AUDPC Days to heading Grain yield kernel weight Plant height Rank 

3enotype Pedigree Rampur Janakpur Rampur Janakpur Rampur Janakpur Rampur Janakpur Rampur Janakpur Rampur 

$el I 
$el 2 
gel 3 
<el4  
$el 5 
3el 6 
3el 7 
Sel 8 
$el 9 
Sel 10 
Sel 1 1  
Sel 12 
Sel 13 
Sel 14 
Sel 15 
Sel 16 
Sel 17 
Sel I8 
Sel 19 
Sel20 
Attila 

(SonalikdChirya 7) 
(SonalikdChirya 7) 
(SonalikdChirya 7) 
(SonalikslChirya 7) 
(SonalikaIChirya 7) 
(SonalikdSW89-5422) 
(SonalikdSW89-5422) 
(SonalikdSW89-5422) 
(SonalikdSW89-5422) 
(SonalikdSW89-5422) 
(SonalikdG 162) 
(SonalikdG 162) 
(SonalikdG 162) 
(SonalikdC 162) 
(SonalikdG 162) 
(SonalikdAttila) 
(SonalikdAttila) 
(SonalikdAttila) 
(SonalikdAltila) 
(Sonalika/Attila) 

(Check) 
Chirya 7 (Check) 
GI62 (Check) 
SW89-5422 (Chcck) 
R1.1473 (Check) 
131. I887 (Check) 
Ilhrikuli (('licck) 
Kenchan (CliecL) 
Neoal297 (Check) 
Sonalika ((.heck) - 1166 1047 - 

53 



Appendix 8. Variability in Bipolaris sorokiniana and host resistance 

This study was conducted to determine variation in Bipolaris sorokiniana isolates 
collected from different parts of Nepal. Genetic variation among pathogen is key to 
determine the effectiveness of host resistance gene and their geographical 
deployment. 

Methodology 

Two studies were conducted to determine the variation in pathogen based on their 
reaction to 10 wheat genotypes of diverse genetic background possessing different 
levels of foliar blight resistance. 

The first study was conducted in the greenhouse where 10 wheat genotypes were . 
inoculated with 20 single spore isolates of B. sorokiniana. The study was set in a 
Randomized Complete Block with three replicates. Twenty-one day old seedlings 
were sprayed with spore suspension of individual isolates and scored for infection one 
week after inoculation. 

The second study involved inoculation of detached leaf if 10 wheat genovpes mith 
spore suspension of 41 isolates of B. sorokiniana. The inoculated leaf pieces were 
incubated in the lab for one week before recording the symptoms. 

Results 

The 10 wheat genotypes showed diverse reaction to the isolates of B. sorokiniana 
(Fig. 6 and 7). The grouping of the 10 genotypes into different clusters suggested 
diverse resistance genes among the host genotypes. 

There was a wide variation among isolates of B. sorokiniana evident through several 
clusters in which the isolates grouped in both studies (Fig. 8 and 9) 
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Figure 6 .  Clustering of 10 wheat genotypes based on their resistance to susceptible 
reaction to 20 isolates of B. sorokiniana in a greenhouse seedling inoculation test 

Similarity 

Figure 7. Clustering of 10 wheat genotypes based on their resistance to susceptible 
reaction to 41 isolates of B. sorokiniana in a detached leaf inoculation test. 
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Figure 8. Clustering of 20 isolates of B. sorokiniana in a greenhouse seedling 
inoculation test on 10 wheat genotypes given in Fig. 6 .  



Figure 9. Clustering of 41 isolates of B. sorokiniana in a detached leaf inoculation test 
on 10 wheat genotypes given in Fig. 7. 


